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(54) Title: ALLOPLASTIC VERTEBRAL DISK REPLACEMENT 
(57) Abstract 

An alloplastic device and process for replacement of a damaged or 
diseased spinal vertebral column disk. The replacement disk (10) is hollow 
room temperature vulcanizable (RTV) silicone shaped to mimic the natural disk 
being replaced. The shape can be derived from a mold (20) of the natural disk 
or an MRI scan. The replacement disk (10) may be trabeculated and mjy be 
filled with a lubricating fluid (40) including triglyceride oil, perferably soybean 
oil. The replacement disk (10) is formed by allowing RTV silicone injected 
into a mold (20) to vulcanize until a wall (30) of sufficient thickness is formed. 
The unvulcanized silicone is expressed to form the hollow interior (31). The 
replacement disk (10) is formal with a nipple (13) having an interior concavity 
L 3 vL? C H 1PP '? i 13 l\ CUt fr ° m thC b0dy ° f re P lacemc ™ disk (10) leaving an opening into the hollow interior. The nipple (13) is 

£L, S iv, V I , , J, ( 0) - ^ inVetted mpplc (13) thus P rovides a central su PP°rt for the disk (10) and a valve means to 
inject the lubricating fluid (40) into the hollow interior (31). The concavity (32) of the inverted nipple (13) is fi led with RtV sTcLS 

Scone V wan '(30? Other us^ °n7 J* <"» lM ™es itself since the lubricating fluid (4?) Creoles Iwly llTrou hZ 

tunnd damage 0 ; ^ indies ^ " for a worn out or injured miniscus, and other orthopedic applications including carpal 
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Description 
Alloplastic Vertebral Disk Replacement 

5 

Technical Field 

The present invention relates to devices for the replacement of 
interverterbral disks damaged or destroyed by disease or trauma, and in 
particular, to a hollow prosthetic device and a method of forming a hollow 
0 prosthetic device having a fluid infusion port which is sealed to prevent 
leakage. 

Background Art 

When intervertebral disks are damaged or destroyed by disease or 
5 trauma, total removal of the disk is often indicated. Reconstruction or 

replacement of the function performed by the lost disk may require the use of 
autografts or allografts to fuse the adjacent vertebrae together. A more 
complete and natural restoration of function is possible with the implantation 
of prosthetic intervertebral disks. 
0 U.S. Patent No. 5,514,180 discloses intervertebral prosthetic devices 

having fixed shapes for accommodating the defined surface contours of the 
vertebral endplates. The invention defines five morphological types of 
surfaces comprising a set of surfaces capable of accommodating the 
anatomy of most vertebral endplates. A method of digitizing the surface of a 
5 vertebral body to determine a specific shape of a vertebral endplate is also 
disclosed. Furthermore this invention also relates to such prosthetic devices 
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incorporating osteoinductive material such as bone growth factors. 

U.S. Patent No. discloses a method for replacing the nucleus pulposus 
of an intervertebral disk. The nucleus pulposus is removed and a flexible 
hollow prosthetic disk is inserted into the space defined by the annulus 

5 fibrosis. The prosthetic disk is then filled with a gel material. 

U.S. Patent No. 5,545,229 discloses an intervertebral disk spacer 
comprising a central core of soft elastomer approximating the size and shape 
of the nucleus pulposus, an outer ring of stiffer elastomeric material 
approximating the size and shape of the annulus fibrosis, and endplates of 

0 stiff material incorporating a mechanism for attachment to the adjacent bony 
vertebral bodies. 

U.S. Patent No. 4,863,477 discloses an intervertebral disk prosthesis 
molded in the shape of the natural disk. The replacement disk is molded of 
rubber or silicone rubber. The replacement disk is formed from two halves 
5 joined together to form a hollow interior. After the disk is implanted between 
two vertebrae, a fluid, such as saline, is injected into the hollow interior 
space. 

Various techniques are know for forming hollow prostheses. A 
technique developed by the inventor of the present invention is disclosed in 
0 U.S. Patent Nos. 5,376,323; 5,855,606 and 5,700,288. The technique 

disclosed in these patents utilizes room temperature vulcanizable silicone. 
Room temperature vulcanizable silicone compositions are described 
generally in U.S. Patent Nos. 3,925,277 and 3,897,376. A technique for 
forming prosthetic devices having varying degrees of flexibility is disclosed in 
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U.S. Patent No. 4,735,754 to Buckner. This technique selectively removes 
silicone material from the device to form voids having the requisite degree of 
flexibility. 

U.S. Patent No. 5,314,478 discloses a prosthesis that may be used as 
5 a replacement for an intervertebral disk. The prosthesis is a composite of 
polyvinyl alcohol hydrogel and a ceramic or metallic porous body. 

U.S. Patent No. 5,824,093 discloses a prosthetic spinal disk 
comprising a jacket surrounding a hydrogel core that is allowed to hydrate to 
a predetermined volume. 
10 u s - Pate nt No. 5,702,454 discloses a prosthetic implant for replacing 

a spinal disk. Support members are inserted into a cavity in the core of the 
intervertebral disk until the cavity is filled. 

U.S. Patent No. 3,867,728 discloses a prosthesis for spinal repair 
comprising a core element having a flat top and bottom surfaces. The core is 
1 5 made of elastic polymer and may be reinforced. A covering element secured 
to both flat surfaces provides a tissue ingrowth receptive material. 

The limitations of the prior art are overcome by the present invention 
as described below. 

2 0 Disclosure of the In vention 

The present invention is an alloplastic device for replacement of a 
damaged, ruptured, disintegrated or diseased spinal vertebral column disk 
and a method of forming such a replacement disk. The replacement disk is 
hollow elastomer, preferably room temperature vulcanizable (RTV) silicone, 
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such as Silastic ® medical adhesive silicone Type A (available from Dow 
Corning). The replacement disk is shaped to mimic the natural disk being 
replaced. The shape can be derived from a mold of the natural disk, if intact, 
or from a composite of fragments of the natural disk. If the natural disk is too 
fragmented or altered by disease or trauma or otherwise does not present a 
good model for the development of a mold of the replacement device, an MRI 
scan can be used to develop the shape of the mold using known techniques 
such as computerized numerically controlled shaping machines. 

The hollow elastomeric shape may be produced by the technique 
disclosed in U.S. Patent No. 5,376,323, which is incorporated herein by 
reference. This technique allows various wall thicknesses to be formed 
depending on the load bearing requirements of the replacement disk. In 
addition, the replacement disk may be trabeculated or honeycombed with 
multiple chambers or multiple load bearing pillars. The hollow disk may be 
filled with a triglyceride oil, such as soybean oil or rice oil, cerebrospinal fluid, 
seroma or synovial fluid, or a combination of any of these materials. 

In the preferred embodiment the replacement disk is formed by 
allowing room temperature vulcanizable (RTV) silicone, such as Silastic ®, 
injected into a mold to vulcanize at room temperatures until a wall of 
sufficient thickness is formed. The unvulcanized RTV silicone is expressed 
to form the hollow interior. The replacement disk is formed with a nipple 
having an interior concavity. Once the replacement disk is removed from the 
mold and the unvulcanized RTV silicone expressed from the interior, the 
nipple is cut from the body of the replacement disk leaving an opening into 
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the hollow interior. The nipple is inverted and sealed into the opening so that 
the nipple extends from the surface of the replacement disk down into the 
interior where it contacts the opposite wall of the disk. The inverted nipple 
thus provides a central support for the disk. More importantly, the inverted 
nipple provides an infusion port to inject a lubricating fluid, such as soybean 
oil, into the hollow interior of the disk. It should be understood that 
vulcanized RTV silicone is not self-sealing. Using the inverted nipple infusion 
port, however, the lubricating fluid is injected by a hypodermic needle into the 
sidewali of the infusion port. After the proper amount of fluid is injected, the 
concavity of the infusion port is filled with RTV silicone, which then vulcanizes 
and seals the opening. 

The disk is surgically positioned between two spinal vertebra to 
separate and provide a cushion against movement and compaction in the 
manner of a natural disk. The replacement disk also provides shock 
absorption and maintains an appropriate and accurate distance between the 
vertebrae for safety, comfort and motility of the spinal column. 

The hollow disk also lubricates itself since a triglyceride oil filing 
material, such as soybean oil in the preferred embodiment, percolates slowly 
through the silicone wall. A mixture of soybean oil and synovial fluid 
continually lubricates the surfaces in the space between the vertebrae and 
the replacement disk. Genetic engineering of the structural formulas of 
soybean oil, seroma, and synovial fluid could be employed to optimize the 
molecular size of the fluids for the lubrication function. 
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The present invention provides definitive intervention for chronic 
physical problems, including pain. It is a solution for the problem of the 
ruptured disk and provides an alternative to vertebral fusion. The present 
invention may also allow correction of problems due to trauma. Although 
described primarily as a vertebral disk replacement, the present invention is 
not so limited. Other uses include replacement for a worn out or injured 
miniscus, and other orthopedic applications including carpal tunnel damage 
or injuries. 

It is therefore an object of the present invention to provide for a hollow 
prosthesis formed with a nipple having an interior concavity for inversion and 
use as an infusion port to inject the filling material. 

It is a further object of the present invention to provide for a filling 
material comprising a triglyceride oil, such as soybean oil or rice oil, for a 
hollow prosthesis in combination with a permeable wall for the hollow 
prosthesis in order to allow the prosthesis to be self-lubricating. 

These and other objects and advantages of the present invention will 
be apparent from a consideration of the following detailed description of the 
preferred embodiments in conjunction with the appended drawings as 
described following. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a mold for a replacement vertebral disk. 

Fig. 2 is an exploded perspective view of the mold of Fig. 1 showing 
the shapes of the upper and lower halves of the mold and a molded 
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prosthesis in the lower half. The prosthesis is shown with a nipple molded 
into the prosthesis and the indentation in the upper half of the mold for 
producing the nipple. 

Fig. 3 is a perspective view of the prosthesis removed from the mold 
5 of Fig. 2 

Figs. 4A-4D are sequence of elevational cross-sections of the 
prosthesis of Fig. 3. Fig. 4A shows the cross section of the prosthesis as it 
appears from the mold. Fig. 4B shows the nipple removed from the 
prosthesis, inverted and affixed into the interior of the prosthesis to form the 
0 infusion port. Fig. 4C shows the prosthesis being filled with a filling material 
by hypodermic needle injected into the sidewall of the infusion port. Fig. 4D 
shows the interior concavity of the infusion port sealed to prevent leakage of 
the filling material. 

Fig. 5 shows a perspective view of a sectioned prosthesis. In this 
5 embodiment the interior of the prosthesis is honeycombed; i.e., divided into a 
plurality of chambers. 

Fig. 6 shows a perspective view of a sectioned prosthesis. In this 
embodiment the interior is trabeculated; i.e., provided with a plurality of load 
bearing pillars. 

D 

Best Modes for Carrying Out the Invention 

The present invention is an alloplastic device for replacement of a 
damaged, ruptured, disintegrated or diseased spinal vertebral column disk 
and a method of forming such a replacement disk. The replacement disk is a 
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hollow prosthesis formed from an elastomer, preferably a room temperature 
vulcanizable (RTV) silicone, such as Silastic ® medical adhesive silicone 
Type A (available from Dow Corning). 

With reference to Figs. 1-3, the replacement disk 10 is shaped to 
mimic the natural disk being replaced. The shape can be derived from a 
mold of the natural disk, if intact, or from a composite of fragments of the 
natural disk. If the natural disk is too fragmented or altered by disease or 
trauma or otherwise does not present a good model for the development of a 
mold of the replacement device, an MRI scan can be used to develop an 
image of the space occupied by the natural disk using known techniques 
such as computerized numerically controlled shaping machines. From the 
shape thus determined, a mold can be produced. 

The mold 20 for producing the replacement disk 10 can be a two piece 
mold having an upper portion 21 and a lower portion 22. The hollow 
elastomeric shape of the replacement disk 10 may be produced by the 
technique disclosed in U.S. Patent No. 5,376,323, which is incorporated 
herein by reference. This technique allows various wall thicknesses to be 
formed depending on the load bearing requirements of the replacement disk 
10. For example, cervical disks may not require walls as thick as would be 
appropriate for lumbar or sacral disks. If allowed to completely vulcanize, a 
solid disk may be formed for maximum load bearing capability. In addition, 
the replacement disk 10 may be trabeculated with multiple load bearing posts 
1 1 as shown in Fig. 6 or honeycombed with multiple chambers 12 as shown 
in Fig. 5. In the later embodiments, the technique disclosed in U.S. Patent 
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No. 5,376,323 may not be appropriate and more complicated molding 
procedures may be required. 

As may be seen from Figs. 2 and 3, the lower portion 22 of the mold 
20 replicates the shape desired in the replacement disk 10 by replicating the 
shape of a natural disk. An additional feature not found in the natural disk is 
a nipple 13 formed on the replacement disk 10 by sculpting an indentation 14 
in the upper portion 21 of the mold 20. The significance of the nipple 13 is 
discussed more fully below. 

In the preferred embodiment the replacement disk 10 is formed by 
allowing room temperature vulcanizable (RTV) silicone, such as Silastic ® 
medical adhesive silicone Type A, injected into the mold 20 to vulcanize at 
room temperatures until a wall 30 of sufficient thickness is formed as shown 
in Fig. 4A. The thickness of the wall 30 is determined by the load bearing 
requirements of the replacement disk 10. The unvulcanized RTV silicone 
within the replacement disk 10 is expressed to form the hollow interior 31 . 
The replacement disk 10 is thus formed with the nipple 13 having an interior 
concavity 32. 

Once the replacement disk 10 is removed from the mold 20 and the 
unvulcanized RTV silicone expressed from the interior 31 , the nipple 13 is cut 
from the body 33 of the replacement disk leaving an opening in the upper 
surface 34 of the replacement disk 10 into the hollow interior 31 . As shown 
in Fig. 4B, the nipple 13 is inverted and sealed into the opening on the upper 
surface 34 so that the nipple 13 extends from the upper surface 34 of the 
replacement disk 10 down into the interior 31 where it contacts the lower 
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surface 35 of the disk 10. The inverted nipple may be sealed to the lower 
surface 35 using silicone or the like. The inverted nipple 13 thus provides a 
central support for the disk 10. In other embodiments of the present 
invention the inverted nipple 13 need not actually contact or be bonded to the 
lower surface 35. If the disk 10 is to be formed as a solid disk, the nipple 1 3 
may be removed and discarded. 

The main function of the inverted nipple 13 is to provide an infusion 
port to inject a lubricating fluid, such as soybean oil or other triglyceride oil, or 
other filling material 40 into the hollow interior 31 of the disk. It should be 
understood that vulcanized RTV silicone is not self-sealing. Using the 
inverted nipple 13 as an infusion port, however, the filling material 40 is 
injected by a hypodermic needle 41 into a sidewall 50 of the inverted nipple 
1 3. After the proper amount of filling material 40 is injected, the concavity 32 
of the inverted nipple 13 is filled with RTV silicone which then vulcanizes and 
forms a plug 42 which seals the opening. It is thus possible to manufacture a 
seamless hollow prosthesis and to fill the hollow prosthesis even though the 
prosthesis is constructed of material that is not self-sealing. 

The filling material 40 in the preferred embodiment is a triglyceride oil, 
such as soybean oil or rice oil. The filling material 40 may also be 
cerebrospinal fluid, seroma, synovial fluid, or a combination of these 
lubricating fluids. The preferred filling material 40 is soybean oil (trilipid Z5), 
which is a natural triglyceride and has been used for 40 years as an I.M. drug 
carrier. There is thus a long history of the safe application of soybean oil to 
human patients. 
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It has been determined that the hollow replacement disk 10 lubricates 
itself since soybean oil percolates slowly through the semi-permeable 
silicone wall 30. In the preferred embodiment, a mixture of soybean oil and 
synovial fluid continually lubricates the surfaces in the space between the 
5 vertebrae and the replacement disk 1 0. Genetic engineering of the structural 
formula of soybean oil, seroma, and synovial fluid could be employed to 
optimize the molecular size of the fluids for the lubrication function. 

An experimental prototype of RTV silicone was vulcanized, filled with 
soybean oil and a soybean oil/seroma combination. The prototype was 
10 demonstrated to hold a vacuum and that the infusion port did not leak. The 
prototype also demonstrated percolation of the soybean oil and soybean 
oil/seroma combination through the semi-permeable wall of the prototype. 

After the replacement disk 10 has been manufactured and the 
appropriate filling material injected into the replacement disk 10, the disk 10 
1 5 is surgically positioned between two spinal vertebrae to separate and provide 
a cushion against movement and compaction in the manner of a natural disk. 
The replacement disk 10 also provides shock absorption and maintains an 
appropriate and accurate distance between the vertebrae for safety, comfort 
and motility of the spinal column. 

20 

Industrial Applicability 

The present invention provides definitive intervention for chronic 
physical problems, including pain. It is a solution for the problem of the 
ruptured disk and provides an alternative to vertebral fusion. The present 
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invention may also allow correction of problems due to trauma. Although the 
present invention has been described with reference to an embodiment in 
which the prosthesis is a replacement for a vertebral disk, the invention is not 
so limited and would be applicable other prosthetic devices where self- 
lubrication is desirable. Other uses include, without limitation, replacement 
for a worn out or injured miniscus, and other orthopedic applications including 
carpal tunnel damage or injuries. 

The present invention has been described with reference to certain 
preferred and alternative embodiments that are intended to be exemplary 
only and not limiting to the full scope of the present invention as set forth in 
the appended claims. 
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Claims 

1 . A hollow prosthesis, comprising: 

at least one wall enclosing an interior space, said wall having an 
exterior surface and an interior surface; 
5 an infusion port for injecting filling material into said interior of said 

hollow prosthesis; 

said infusion port comprising a concavity on said exterior surface of 
said wall of said hollow prosthesis, said concavity being defined by an 
infusion wall extending from said exterior surface of said wall of said hollow 
1 0 prosthesis into said interior of said hollow prosthesis whereby said filling 
material may be injected through said infusion wall into said interior. 

2. The hollow prosthesis of claim 1 wherein said wall of said 
hollow prosthesis comprises room temperature vulcanizable silicone. 

3. The hollow prosthesis of claim 2 further comprising a filling 
15 material. 

4. The hollow prosthesis of claim 3 wherein said filling material 
comprises a triglyceride oil. 

5. The hollow prosthesis of claim 4 wherein said triglyceride oil 
comprises soybean oil 

20 6 - The hollow prosthesis of claim 5 wherein said wall of said 

hollow prosthesis comprises inferior and superior walls shaped to conform to 
vertebral endplates and a lateral wall shaped to conform to an intervertebral 
disk space. 
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7. The hollow prosthesis of claim 6 wherein said infusion port is 
affixed to said inferior wall and to said superior wall. 

8. The hollow prosthesis of claim 7 further comprising a plurality of 
chambers dividing said interior. 

9. The hollow prosthesis of claim 7 further comprising a plurality of 
interior pillars, each of said pillars being affixed to said inferior wall and to 
said superior wall. 

10. A method of forming a hollow prosthesis, comprising the steps 

of: 

(a) forming a mold having the shape of the desired prosthesis, said 
mold further having a depression for forming a nipple on the surface of the 
prosthesis; 

(b) injecting said mold with room temperature vulcanizable silicone; 

(c) allowing sufficient time for walls of vulcanized silicone to form 
on the interior surfaces of the mold to a desired thickness so that the nipple 
retains an interior concavity; 

(d) removing the prosthesis from the mold and expressing 
unvulcanized silicone from the interior of the prosthesis; and 

(e) excising the nipple from the prosthesis, inverting the nipple into 
the opening thus created into the hollow interior of the prosthesis, and 
sealing the nipple into the wall of the prosthesis. 

11. The method of claim 1 0 further comprising the steps of injecting filling 
material into the interior of the prosthesis through the concavity of the 
inverted nipple and sealing the concavity with room temperature vulcanizable 
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silicone. 

12. The method of claim 1 1 wherein said filling material comprises 
a triglyceride oil. 

1 3. The method of claim 12 wherein said triglyceride oil comprises 
5 soybean oil 

14. The method of claim 13 wherein said prosthesis is molded into 
the shape of an intervertebral disk. 

1 5. The method of claim 14 wherein step (a) comprises taking an 
impression of a natural intervertebral disk and forming the mold from the 

1 0 impression of the natural intervertebral disk. 

16. The method of claim 14 wherein step (a) comprises scanning 
an intervertebral disk space, forming an impression of the intervertebral disk 
space by computerized numerically controlled shaping, and forming the mold 
from the impression. 
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AMENDED CLAIMS 

[received by the International Bureau on 1 1. July .2000.(1 1.07.00); 
original claims 1 - 6 cancelled; original claim 7 amended; new claims 17 and 18 added; 
other claims unchanged (3 pages)} 

7. A hollow prosthesis, comprising: 

at least one wall enclosing an interior space, said at least one wall 
having an exterior surface and an interior surface; 
5 a filing material comprising a triglyceride oil; 

an infusion port for injecting said filling material into said interior of 
said hollow prosthesis; 

said infusion port comprising a concavity on said exterior surface of 
said at least one wall of said hollow prosthesis, said concavity being defined 
10 by an infusion wall extending from said exterior surface of said at least one 
wall of said hollow prosthesis into said interior of said hollow prosthesis 
whereby said filling material may be injected through said infusion wall into 
said interior; 

wherein said at least one wall of said hollow prosthesis comprises 
15 room temperature vulcanizable silicone; and 

wherein said at least one wall of said hollow prosthesis comprises 
inferior and superior walls shaped to conform to vertebral endplates and a 
lateral wall shaped to conform to an intervertebral disk space; and 

wherein said infusion port is affixed to said inferior wall and to said 
20 superior wall. 

8. The hollow prosthesis of claim 7 further comprising a plurality of 
chambers dividing said interior. 

9. The hollow prosthesis of claim 7 further comprising a plurality of 
interior pillars, each of said pillars being affixed to said inferior wall and to 
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said superior wall. 

10. A method of forming a hollow prosthesis, comprising the steps 

of: 

(a) forming a mold having the shape of the desired prosthesis, said 
5 mold further having a depression for forming a nipple on the surface of the 

prosthesis; 

(b) injecting said mold with room temperature vulcanizable silicone; 

(c) allowing sufficient time for walls of vulcanized silicone to form 
on the interior surfaces of the mold to a desired thickness so that the nipple 

10 retains an interior concavity; 

(d) removing the prosthesis from the mold and expressing 
unvulcanized silicone from the interior of the prosthesis; and 

(e) excising the nipple from the prosthesis, inverting the nipple into 
the opening thus created into the hollow interior of the prosthesis, and 

1 5 sealing the nipple into the wall of the prosthesis. 

1 1 . The method of claim 1 0 further comprising the steps of injecting filling 
material into the interior of the prosthesis through the concavity of the 
inverted nipple and sealing the concavity with room temperature vulcanizable 
silicone. 

20 1 2. The method of claim 1 1 wherein said filling material comprises 

a triglyceride oil. 

13. The method of claim 12 wherein said triglyceride oil comprises 
soybean oil 

14. The method of claim 13 wherein said prosthesis is molded into 
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the shape of an intervertebral disk. 

15. The method of claim 14 wherein step (a) comprises taking an 
impression of a natural intervertebral disk and forming the mold from the 
impression of the natural intervertebral disk. 
5 16. The method of claim 14 wherein step (a) comprises scanning 

an intervertebral disk space, forming an impression of the intervertebral disk 
space by computerized numerically controlled shaping, and forming the mold 
from the impression. 

17. The hollow prosthesis of claim 8 wherein said triglyceride oil is 
10 soybean oil. 

18. The hollow prosthesis of claim 9 wherein said triglyceride oil is 
soybean oil. 
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FIG 3 
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